Hope you survived last night's entertainment. It you want more, and if you are not going to the GSA Annual meeting, then might like to attend "The Great Debate of '08" that the College has organized for us on McMicken Commons next Tuesday (October 7). The second Presidential Debate will be shown on a big screen and there will be free popcorn, hot chocolate and apple cider (unfortunately not the real Devonian cider, which some of you would have enjoyed, and suffered the morning after, if you had done fieldwork in Britain).
Where in the World?
Nobody guessed the location of last week's photograph. Sorry, it was really hard. The photograph was taken on the edge of the Fayum Basin, south of Cairo in Egypt, on edge of a basalt quarry that was in use ~4000 years ago. The dark line near the jeep was an ancient Egyptian road use to lug basalt blocks for use as decorative masonry. Below the basalt are Tertiary sedimentary rocks that have been highly eroded by the wind. They contain amazing fossil fish and petrified trees! The surface is covered with incredible artifacts including, Neolithic arrow heads and blades, all kinds of Roman remains (including tooth picks, pottery, and coins), WWII bullets and can, and iPods.
I have made this weeks photograph a little easier. Don't forget the rules: 1) You must locate it within x miles of its location, where x=degrees of latitude or longitude (which ever is largest) multiplied by 1 mile, and you must say why it is geologically and culturally interesting. 2) The person who posts the photograph must have taken it. 3) Only one guess per person. 4) No e-mail answers allowed -you must talk to the person who posts the photograph. If you e-mail your answer you will be disqualified. We want to get you chatting in the corridors. 5) The winner gets to post the next image. 6) If no one gets it right then the poster gets to post another photograph.
The location this week is dead easy and many of you have seen this photo before and you should recognize the serious scientist in the foreground. I will, however, expect you to tell me what is geologically and culturally significant.
Hope you enjoyed reading this and please, please, please send me your highlights and anything you need advertising. Have fun at the GSA meeting. Vanadium is beneficial or toxic to humans, depending on its concentration and oxidation state. Vanadyl (V4+) and vanadate (V5+) are the most toxic ions and may combine in natural and drinking waters to form a wide range of solids depending on the redox potential and pH. Ingestion of vanadium from drinking water is only recently being considered a potentially serious threat to human health. Vanadium accumulation, up to 1% by weight has been reported for corrosion deposits in lead drinking water pipes from numerous United States public drinking water systems (DWS), indicating a potential reservoir for human exposure if mobilized. This study presents the first detailed examination of vanadium speciation from twenty-one lead pipe corrosions by-products from eight municipal DWS. Six DWS use surface waters and two ground water as their sources. Vanadium concentrations for the samples determined by ICP-OES range from <40 to 8500 ppm. Bulk XANES, on eight samples, identified the presence of vanadinite (Pb5(V5+O4)3Cl). Additionally µXRD or µXANES analyses on three in-situ lead pipe corrosion by-products indicated the presence of vanadinite and its location. Vanadinite appears to be mainly concentrated at the surface or near-surface portion of the corrosion by-products. Hydraulic dislodgement of scale pieces or chemical breakdown resulting from water treatment changes, could mobilize vanadium and provide an unexpected and unmonitored detrimental human exposure event. The results of this study suggest that treatment processes, redox potential, and pH present in the distribution system are likely to play a key roles in the formation of vanadinite in drinking water pipe scales, as well as the presence of lead premise piping. Thus, it is imperative to further investigate the presence, speciation, and concentration of vanadium in corrosion by-products in order to assess the chemical and physical factors controlling the formation and release of vanadium into drinking water.
Two different lake cores within the context of the last glacial retreat were examined across a geographic distance of 1200 kilometers to compare differences in associated sediment sources and mineralogies. Records from these two lakes, Rabbit Lake located in Otter Tail Co., Minnesota (N 46.13326, W 96.2071) and Lillabelle Lake in Ontario, Canada (N 49.1021, W 81.0263) , were investigated in this study. Sediments were characterized by XRD and SEM-EDAX as well as digital and optical microscopy. Despite the influence of the Laurentide Ice Sheet, both sections have distinctly different mineralogies reflecting changes in source areas, depositional processes and climate. Differences were also seen in the overall core stratigraphy. Rabbit Lake has a clay unit with pockets of aeolian sand and gypsum dispersed throughout, which grades upward into banded, mottled clay that contains carbonate and is capped with a dark homogeneous gyttja. A radiocarbon date taken from the middle of the core yielded an age of 11,800 B.P. indicating that conditions Rolling Rocks, October 4, 2008 before and during the Younger Dryas should be represented in the core. Lillabelle Lake has a basal varve package that grades up-section into a disturbed varve section with abundant clasts and poorly defined bedding consisting of lenses and laminae of silt and clay. Differences between the sections are marked by an abundance of evaporate minerals such as gypsum and polyhalite as well as expanding clays in the Rabbit lake sediments and the presence of more mafic minerals in the Lillabelle core. Dolomite, quartz, illite, chlorite and calcite are common between both lakes. Grain size data show sand to fine clay-sized fractions d10 (0.5 µm) to d90 (2.2µm) with a mean size of approximately 1.25µm. The presence of clay-sized quartz in the Lillabelle core reflecting a significant aeolian influence is noteworthy. A positive degree-day glacier mass balance model is calibrated using modern meteorological and mass balance data from Zongo Glacier, Cordillera Real, Bolivia. Once, calibrated the model is applied in three ways. First, the effect of predicted future rising temperatures on glacial ELAs is examined. Although the forecast warming of the next century will cause retreat of all glaciers and elimination of some lower elevation glaciers, the model suggests that glaciers will remain on the high peaks of the range with future ELAs of about 5640 m a.s.l. Second, the model is used to suggest possible precipitation and temperature scenarios responsible for known ELA lowerings during the Late Glacial, and early and late Holocene. If paleo-precipitation was as high as estimated, then the model suggests only a 2.3 0 C cooling during Late Glacial times. When the model is applied to the Western Cordillera, it indicates an ELA that is ~500 m below the actual ELA. This is believed to result from the fact that sublimation dominates the ablation regime in the arid Western Cordillera. Since sublimation is relatively insensitive to changes in temperature, use of a PDD model is ineffective in this high, arid, tropical environment. Alaskan tidewater glaciers were expanding through a warm period that spanned over 100 years at the end of the first millennium AD. Ice margins overcame the loss of mass due to increased ablation and continued to expand -the question is: how was this possible? Glacier Histories of major glacier systems including those in the Kenai Fiords, Columbia Bay, Icy Bay, Yakutat Bay and Glacier Bay have been dated using tree-rings and radiocarbon. These histories show significant expansions between AD 800 and 1100. For the same interval, multi-proxy records from near-coastal sites along the Northeast Pacific suggest a major change in circulation and a possible increase in moisture flux to the glaciated Alaskan coast. Our well-documented advances of tidewater margins through the warming at first appears to be an interval of climatic insensitivity. We suggest that an increase in sediment flux to the fjords also resulted from the elevated precipitation in the region, and thereby maintained glacier expansion despite the higher loss in ice mass as summer temperatures increased between about AD 900 and 1000. The increase in sediment flux nourished the morainal bank and increased sedimentation and infilling proximal to it, thereby decreasing water depth, slowing the calving rate and allowing for continued terminus advance through the warm interval.While climate is the primary control on tidewater glacier advance, sediment flux provides an important second order control modulating tidewater glacier behavior during warm periods. Further comparisons between glacier histories and climate proxy records during known past warm intervals can provide a perspective on present-day response of tidewater glacier systems to a warming world. Erosion studies on natural and agricultural settings at various scales (plot, hillslope, catchments) employing laboratory experiments, sediment traps, soil profile truncation and cosmogenic nuclide to calculate rates find widely divergent erosion rates even under similar conditions of climate and soil. The research reported here uses undisturbed archaeological sites abandoned in 1000 A.D. and 1532 A.D in arid Southern Peru environments to observe patterns and rates of geomorphic change on constructed slope. The agricultural erosion rates, 94 m/my to 120 m/my determined from these archaeological sites are substantially greater than the erosion rates calculated using cosmogenic nuclides. Short duration and high intensity rainfall at the study sites concentrates erosion at the edge of the terrace risers, leading to rilling of the tread surfaces. Some of the sediment derived from erosion of both terrace risers and treads is redistributed downslope within the terraces, while the rest of the sediment is completely removed from them. Erosion on these archeological earthworks is more than thirty times faster than reported on natural slopes in nearby areas. Sedimentary structures associated with Rafinesquina specimens have been documented at several Upper Ordovician horizons and localities in the Cincinnati Arch region. These include "moats" which are gutter-like depressions in the sediments adjacent to the commissure of flat-lying convex-up individuals, and "rotational tracks" which are up-arcing spreiten beneath the brachial valves of inclined individuals. These features are interpreted as escape traces excavated with water expelled by valve snapping during and immediately after catastrophic burial. They are similar to trace fossils associated with Sowerbyella. The association of escape traces with body fossils demonstrates live burial.Sections of these specimens reveal that epibionts on the concave brachial valves are thinner with lower profiles than epibionts on the convex pedicle valves. Most of the pedicle valve epibionts could not have existed if the brachiopods had lived with the pedicle valve down, mostly occluded by sediment. In contrast, if the brachiopods had lived with the brachial valve down, the concave surface would have provided a cryptic micr OH;abitat, especially between the commissure and geniculation, the region most frequently encrusted.The maximum gape angle for Rafinesquina, estimated from the muscles and lever system, was 45°-55°. Hinge structures of well-preserved silicified specimens show that the valves would have articulated and stabilized at a gape of about 55°, suggesting that this was a habitual feeding gape. This is consistent with the frequent observation that the anterior margin of the pedicle valve, which would have been elevated during feeding, was preferred by some epibionts.It is difficult to escape the conclusion that Rafinesquina was capable of clearing its commissure of significant accumulations of sediment, and that it was not only capable of living in a convex-up position, but that most individuals probably did so as they gaped at about 55° for feeding. The Medieval climate period is well-known for extended "megadroughts" in part of the southwestern United States but records of drought are difficult to extend to the warm deserts. However, unusually wet periods can be identified in these deserts by lake deposits. Ephemeral lakes in the Mojave Desert are created by persistent stream flow from high mountains, and thus are governed by precipitation during winter storms. We have identified two lakes by shoreline deposits dated at ca. 1270 A.D. Watersheds are entirely within the desert (Silurian Lake) and head in the adjacent Transverse Ranges (Cronese Lake) and therefore record desert-wide wet conditions at this time. Climate reconstructions from tree-rings in the Transverse Ranges and from bristlecone pine records along the northern margin of the Mojave Desert support this timing for increased precipitation. Other southern California records such as coastal marshes and woodrat middens do not help resolve the timing. Climate records in the Sierra Nevada are consistent with the 1270 A.D. wet event, with Rolling Rocks, October 4, 2008 permissible lake highstands between megadroughts at Mono (Rush delta stand), Carson, and Walker lakes between ca. 1215 and 1295 A.D. Tree-ring reconstructions for flow on major Sierra streams show moderately good correspondence as well. Although each climate record is sensitive to different hydrologic variables, which creates ambiguity in the spatial extent of the ca. 1270 A.D. wet event, there is converging evidence that the event was regional. If the wet event was governed by the same climate forcings as the droughts, it may be a useful event to track in the warm deserts of the US and Mexico to better understand how large a region was affected by both wet and dry periods. A regional wet event between two megadroughts provides a natural example for studying geomorphic and ecosystem responses to pronounced climate changes.
Present

Alaskan Tidewater Glacier
New Insights into
Medieval Climate In the Mojave Desert Suggests Regional Lake Rise Between Extended Droughts
Did the "Recurrent Hamilton Fauna" Recur or Persist? Developing a Framework for Interpreting Faunal Turnovers Tuesday, 7 October 2008: 2:15 PM George R. Brown Convention Center, 351BE James J. Zambito IV, Department of Geology, University of Cincinnati, Cincinnati, OH; Carlton E. Brett, Department of Geology, University of Cincinnati, Cincinnati, OH; Gordon C. Baird , Department of Geosciences, S.U.N.Y. Fredonia, Fredonia, NY Intervals of paleoecological stability and the extinction events that separate them involve the interplay of ecological, evolutionary, and biogeographic factors. A majority of studies have focused on these patterns, and their underlying processes, intra-basinally at the level of individual species or groups of species with similar environmental tolerances (biofacies). Here, we investigate similar ecological-evolutionary processes in the context of regional turnovers intra-and extra-basinally at the broader, faunal level (unique suites of biofacies related spatially and temporally). Large portions of faunas may be lost when environmental conditions change basin-wide, characterized by the emigration and replacement of most taxa from the spectrum of biofacies for a substantial period of time (at least several kyr). Subsequent immigration and re-establishment of a fauna from extra-basinal refugia when appropriate environmental conditions return is herein termed "faunal recurrence." On a more confined environmental scale, facies-based outages may occur when a portion of the basin becomes uninhabitable to a previously occupying fauna. These local faunal outages may represent the regional manifestations of global extinction, loss via emigration, or intra-basinal habitat shifting; the latter is termed "faunal persistence". Using a high-resolution stratigraphic framework superimposed on an onshoreoffshore gradient, we document these different patterns of faunal turnover during the Late Middle Devonian Taghanic Biocrisis in its type area of the New York Appalachian Basin. These include: 1) the loss of the longranging Hamilton Fauna and its temporary replacement by the Tully Fauna; 2) the subsequent loss of the Tully Fauna and recurrence of the Hamilton Fauna; and 3) the persistence in nearshore settings of a subset of Hamilton Fauna biofacies while experiencing outage offshore. Recognition of these turnover types suggests that habitat tracking, a process typically attributed to organism lineages, and therefore biofacies, may also operate extra-basinally at the biofacies level, and, moreover, at the broader, faunal level. The Ireviken Excursion in the Appalachian and Baltic basins is marked by an approximately 5‰ positive shift in carbon isotope values. The onset and conclusion of this event form datums that allow for comparative high-resolution sequence stratigraphy of these two areas, revealing striking similarities. The distribution of shallowing-deepening patterns and paleontological events shows an almost one-for-one match. The manifestation of the Ireviken Excursion in the sedimentary rocks of these two areas is distinctive from background conditions and includes: 1) high-frequency cyclothemic facies successions, 2) a pronounced increase in the degree of facies offset across stratigraphic horizons, 3) an increase in microbialite biohermoccurrence, and 4) a switch from hematite-to pyrite-dominated authigenic mineralization. Given that these two basins formed on separate continents occupying different paleolatitudes and suffering different tectonic stress fields, their similarity is truly astonishing and suggests extrabasinal controls (i.e., eustasy and climate) left a much more significant signature on the rock record than intrabasinal controls (i.e., tectonism). The presence of closely spaced, regularly repeating facies successions suggests relatively short duration sea level fluctuations associated with Milankovitch forcing. The change in the degree of stratigraphic facies change, and thereby amplitude of sea level fluctuation on the order of several tens of meters, suggests Rolling Rocks, October 4, 2008 glacioeustacy. The immense sizes of some microbialite bi OH;erms supports this interpreted magnitude of sea level fluctuation and are themselves considered a biologic response to increasing accommodation and unusual seawater chemistry. The change in authigenic mineralization is interpreted to represent a shift in redox conditions from primarily oxidizing to reducing, indicating a draw down in oceanic oxygen levels, perhaps resulting in increased carbon burial and ensuing carbon dioxide depletion of the atmosphere. Taken together these interpretations suggest a paradox for the Ireviken Excursion as a period of co-occurring ocean stratification and glaciation. The evolutionary importance of predator-prey interactions during the Paleozoic remains largely unknown for most taxonomic groups, geographic settings, and time intervals. Shell damage induced by durophagous (shellbreaking) predators has received less attention than traces of drilling predation. The main problem in identifying breakage-induced shell damage is its differentiation from other non-biological taphonomic processes. The presence of characteristic trace morphology and features of the repaired area (e.g., trace geometry, changes in growth line banding and loss or offsetting of ornamentation) are crucial in confirming a predatory origin of traces. We report the oldest-known predator-induced shell damage in bivalves from a sample of 442 specimens of Middle Devonian bivalves from museum collections and field samples. These are primarily calcitic pterioids, such as, Ptychopteria, Actinopteria, Aviculopecten, and Pterinopecten, from central and western New York, which represent a conspicuous part of the epibenthos of the Hamilton fauna. All the studied genera lived either byssally attached or freely reclining on the soft substrate; specimens ranged between three and 10 cm in size. The overall repair frequency (total number of scars/ total number of shells in a sample) for our samples is 0.17, which is comparable to frequencies found among some modern bivalve species; for instance, the frequency of shell repair of modern bivalves ranges between an average of 0.13 for species with inflexible shell margins to 0.71 in pinnoids and pteriodean groups with flexible shell margins (Dietl and Alexander, 2005) . Shell damage induced by durophagous predators of Paleozoic bivalves thus provides an untapped resource to evaluate the importance of ecological interactions in evolution set within the context of the "Paleozoic precursor to the Mesozoic marine revolution." Variations in sampling intensity and coverage have the potential to greatly modify our understanding of biodiversity, origination, and extinction through time. As the sampled area increases, a wider variety of habitats and a greater number of individuals are likely to be sampled. Poorly understood, however, is how shifting geographic ranges may affect calculated biodiversity metrics independent of sampling. If organisms or groups of organisms migrate in and out of the geographic sampling window in response to changes in their environment, origination and extinction rates could be greatly distorted. To help assess the impact of changes in geographic range of taxa, we are constructing a time-space database of Devonian fossil occurrences for New York State. Known occurrences of taxa are combined with geographic and stratigraphic data, allowing us to assess how diversity varies in both spatial and temporal dimensions. The dataset currently consists of over 10,000 generic occurrences from over 450 collections. Because the outcrop belt runs roughly east-west, a north-south (longitudinal) slice through the state captures localities that span the entire Devonian. We repeatedly subsample the data by selecting random longitudinal windows of variable width, and then calculate rates of origination and extinction for each window. Origination and extinction rates are highly variable at small geographic scales but variance rapidly decreases with increasing longitudinal bin size, stabilizing when roughly 25% (1 degree longitude) of the data are sampled. Interestingly, extinction rates appear to be better buffered against changes in geographic coverage than origination rates. Although broad trends are similar in different formations, important differences exist as to the precise bin size at which origination and extinction
The Sedimentary Legacy of the Early Silurian Iriviken Excursion in the
Predator-Induced Shell
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rates stabilize. These discrepancies might be explained by differences in the areal extent of outcrop, number of samples, or beta diversity between time bins. Tightly integrated studies quantifying changes in species richness, geographic range and morphological disparity are difficult to synthesize but necessary to advance our understanding of macroevolutionary processes operating on higher taxa. This research investigates the evolutionary trajectory of the bivalve genus Cucullaea, following a pattern of a symmetrical rise and fall in species richness, beginning in the Jurassic, peaking in the Late Cretaceous and decreasing to the present day, with a single species surviving throughout the warm waters of the Indo-Pacific region. Early cucullaeids departed morphologically from their ancestral parallelodontid stock by elaborating on the theme of taxodont dentition, but it was not until the early Cretaceous that the archetypal characteristics of the genus, including a posterior flange for muscle attachment and the shift to a less wing-like, more symmetrical shell shape, were fully developed. Once morphologically established, cucullaeid species modified this general shell form throughout the Cretaceous and during periods of extinction in the Cenozoic by shifting towards more arcid or glycymerid shell shapes and through alterations of the posterior shell margin. Today, the remaining Indo-Pacific species is a morphological anomaly when compared to its extinct counterparts, suggesting a novel evolutionary strategy. To study Cucullaea's macroevolutionary history, surveys of the literature and museum collections documented changes in richness and biogeographic distribution. Large-scale shifts in morphology were quantified using outline and landmark morphometrics on hundreds of individual shells from multiple species reposited within the collections of 17 museums in the US, Europe, New Zealand and Australia. These quantitative results support the overall picture described above, but allow a more nuanced examination of Cucullaea's evolutionary pathway, including, 1) the relationship between taxonomic diversity, morphological disparity and geographic range through time, and 2) biogeographic and morphological transitions in the past that may relate to Cucullaea's persistence in the future. Recent research has demonstrated the utility of molluscan subfossil assemblages for diagnosing anthropogenic changes to coastal marine environments. While this work has focused mainly on changes through time in species compositions and relative abundances, species morphologies may be impacted as well. Here, we present a preliminary investigation of morphological variability in the prolific venerid bivalve Chione cancellata and the closely related form, C. elevata. The goal of this study was to quantify the extent of morphological variation, if any, in Chione as a function of environment and geography, and to determine whether a compositional change over a two-decade interval in the molluscan biota of a locality in St. Croix, U.S. Virgin Islands was accompanied by a change in the morphology of C. cancellata. For this pilot study, we focused on samples collected during previous investigations in Smuggler's Cove and Salt River Bay along the coast of St. Croix. Individuals were digitally imaged, and morphological data were collected from landmark points corresponding to the beak, hinge area, muscle scars, and exterior outline of each shell. Multivariate techniques, including Generalized Procrustes Analysis, were applied to examine Chione morphology through space and time.Results of our analyses to date point to significant changes in landmark positions in relation to geography and environment, even between samples from sites less than a kilometer apart where ambient conditions are also demonstrably different. Furthermore, within Smuggler's Cove, there is evidence of significant morphological differences among specimens collected two decades apart, although this result should be viewed as preliminary, pending further analyses. What is clear, however, is that Chione has a strong propensity to vary morphologically even over limited spatial scales, and we will continue to analyze the nature of this variation throughout a broader study region that encompasses the western Caribbean, the Bahamas, and Florida. Beyond learning the nuances of shape theory, initial inroads into morphometrics are often accompanied by frustration with the procedural difficulties of capturing and analyzing shape data, which typically involves a convoluted series of computer programs. With the development of digital photography and independentlywritten freeware, such as NIH programs or the IMP series by David Sheets, the procedural side of quantifying shape has improved significantly. But there is still a long way to go towards developing an efficient, user-friendly, open source process. Studies of morphological disparity can be hampered by inadequate sample sizes, resulting from poor preservation and/or sampling, but also from the time intensive task of collecting shape data for large collections of specimens. Here, I present methodological improvements using outline morphometrics geared towards both novice and experienced researchers, with particular emphasis placed on automating multiple procedural steps to cut time, increase sample size, and decrease error around mean values. Using the bivalve genus Cucullaea as an exemplar, I present a streamlined workflow for outline morphometrics, from initial photography through to the generation of a morphological framework for identifying differences among individuals or groups in morphospace. While bivalves are particularly well suited for such analyses, this procedure can be tailored by individual researchers to quantify anatomical shapes for a variety of other taxonomic groups. Overall the procedure uses the following steps: 1) Adobe Photoshop batch processing for image enhancement, autotracing and outline exporting; 2) the NIH program ImageJ for automating the collection of XY coordinates and scale factors for each trace; 3) HANGLE programs (Haines and Crampton, 1996) for calculating Fourier coefficients, normalization and reconstruction of traces from synthetic coefficient data; and 4) the programming language R for constructing the backing grid of synthetic outline shapes for morphospace, and for calculating distance, variance and range metrics. For the application of the principles of Neo-Ulrichian layer-cake stratigraphy to a coastal setting, necessitats the tracing of the lateral extent of lithologic beds over a broad area. In this study of nine counties in the FL Panhandle, well cores tied to available exposed sections, were used to form the stratigraphic framework from which several lithologic patterns, disconformities and individual beds could be correlated. Specifically, two glauconite-rich clay beds bounded by carbonates which may represent highstand deposits and illustrate the influence of large-scale eustatic processes. There was also an abrupt shift from carbonate to siliciclastic sedimentation that was traceable across the study area. The finding of these units supports the concepts of a layer-cake stratigraphic model and can be confirmed using in depth comparisons of mineral compositions, fossil assemblages and cyclic packages. These data were acquired through visual analysis of cores stored at the Florida Geologic Survey core facility in Tallahassee. They were also compared against and used in conjunction with descriptions from the SOFIA database to interpret their depositional environments and recognize possible unconformities ('frosting layers') through the application of Walther's law which states that depositional environments coexisting laterally must occur in superposition unless an unconformity is present. Qualitative observations also helped to constrain the lateral change and variation of these environments represented within the cake layers and to map them across the study area. This allowed for the creation of a model that could be checked against eustatic changes to further constrain the timing of each bed. Confirmation that the beds are traceable throughout the study area, would allow a layer-cake model to be applied and used to group isochronous facies into larger units encompassing the range of variation in depositional environments that can occur within a dynamic passive-margin, coastal environment. IN, KY) has permitted a rather refined epibiofacies zonation related, in part, to a light-sensitive/relative depth gradient. Several ecological trends can be seen along the gradient when epibionts are quantified by areal coverage as opposed to occurrence. Species richness, richness ratio (ratio of number of species occurring in a given sample/sum of all species in all samples), community equitability, and taxonomic composition along the gradient can be compared using only coverage, only occurrence, or both, with differing results. Richness, richness ratio, and percent coverage decrease significantly with depth/loss of light in the Ordovician of the Tri-state, and these trends are mirrored in extant epibiont communities seen on experimentally deployed shells in a modern environment. Understanding the ecological relationships of epibionts within a community may yield a framework for interpreting the trends seen through time. Metrics of community equitability vary greatly when examined by methods of areal cover vs. simple counts of occurrences, and that occurrence data do not fully reflect the structure and organization of an epibiont community gradient, or epibiofacies. Patterns based on occurrence and areal coverage data are most similar in shallow depths (shallow euphotic zone). Differing reproductive strategies may be hypothesized based on comparison of areal coverage dominance with occurrence dominance. In particular, colonial epibionts (primarily bryozoans) with high occurrences may focus reproductive efforts on recruitment by spatting (many small, simple colonies), primarily sexual reproduction. Conversely, those with low numerical abundance (few colonies), but high areal cover on shells, when present, may exhibit higher colonial complexity, primarily asexual reproductive strategies, and greater overgrowth competitiveness. The distribution of such opportunistic vs. equilibrium reproductive strategies may vary along ecological stress gradients in light availability, oxygenation, and water turbulence. In 1556 Agricola published posthumously the first detailed description of a mudstone, but it was not until 1747 that one of the mudstones, a black shale, was first formally defined by William Hooson. A review of the world literature since Hooson's time shows a slow, steady progression in the study of mudstones through the 1800s, followed by an abrupt change to a more rapid pace of advances in the early 1920s. This phase was interrupted by World War II, which caused a sharp drop in activity, but the rate of activity resumed shortly afterwards, until an apparent reversion to slower progress starting in the 1970s. The trends are similar for both conceptual advances and for new techniques, suggesting that the two are closely linked. The break in the 1920s was led by new technologies that expanded observations down to the angstrom level with X-ray diffraction and up to the formation scale with down-hole geophysical logging and seismic reflection. We find it significant that the earliest publications on mudstones come from mining -Agricola and Hooson -and that almost one hundred years later Sorby studied slaty cleavage for the mining industry, followed by Le Chatelier on the heating of clays for ceramics. Thus, practical applications rather than basic research fostered many of the early advances in the study of mudstones. Broadly speaking, the peak in rate of advances in the study of mudstones lagged significantly behind those for igneous and metamorphic rocks. The acceleration of work on crystalline rocks began in the decade of the 1880s, whereas for mudstones, it is in the 1920s, owing, we believe, to the difficulty of working with mudstones in thin section and the difficulty of interpreting their whole-rock chemistry. During the last seven million years, eruptions of Small Hasandag volcano in Central Anatolia, Turkey have produced calc-alkaline rocks ranging in composition from basalt to rhyolite. Published research on this volcano suggests that crystal fractionation and magma mixing are the two important processes controlling the differentiation of the Small Hasandag magmas. The shortcomings of these researches are that neither the intensive variables (P, T, fO2) nor the constraints under which the presumed parental magmas evolved have been quantitatively evaluated. In this study, we have used the MELTS algorithm of Ghiorso and Sacks (1995) to determine the initial system parameters in terms of temperature, pressure, oxygen fugacity (fO2), and water content and then evaluated the consequences of magma differentiation under fractional crystallization and magma mixing conditions separately. In order to determine the initial system parameters, approximately 100 isobaric fractional crystallization simulations of the parental basaltic andesite magma (Mg#=68) were carried out in the pressure range of 1 bar to 10 Kbars, fO2 range of QFM+1 to QFM+3 and at water contents from 0 to 4 wt%. The best agreement between the computed melt compositions and the natural rock data was achieved at 1000 bars, fO2=QFM+1, and 2 wt% water. Computations with parental basaltic andesite at these initial system conditions and under isobaric fractional crystallization generated melt compositions from basaltic andesite to dacite that is very similar to observed rock compositions. Compositions more evolved than dacites however, cannot be produced by closed system fractional crystallization alone. This is because rhyolites generated by closed system fractional crystallization have lower total alkali values compared to the Small Hasandag rhyolites. On the other hand, the isobaric-isenthalpic mixing of parental basaltic andesite with the most differentiated rhyolite (Mg#=46) generated melt compositions most closely resembling the entire compositional range of the Small Hasandag rocks, including the rhyolites. The KTU is a newly recognized 8 sq.km tectonic unit separating the TMD and the Zildat Ophiolitic Melange of the Indus Suture Zone (ISZ) southwest of the villages of Sumdo and Puga Sumdo. Blueschist in the ISZ in both eastern and western Ladakh records the Late Cretaceous subduction of the NeoTethys whereas the KTU blueschist is linked to the subduction of the TMD (Indian Plate) by the Karla Fault, the boundary between the KTU and TMD. The Zildat Fault, a late-stage normal fault, hides the Karla Fault and the KTU except in the study area. The northeastern boundary of the KTU is not exposed but is likely a subduction fault that brought the KTU beneath the ISZ. From an assumed position of minus 15 km, the vertical downward displacements from the original positions of the TMD and the KTU are estimated to be 115 and 40 km, respectively. By adopting the Leech (2005) subduction model ---lithosphere bends and subduction zones are curved---and assuming a radius of 350 km for the bend, the subduction displacements can be estimated: 210 km for the subduction of the KTU beneath the ISZ and 85 km for the TMD beneath the KTU. Exhumation of the KTU and the northeastern TMD may have taken place by shear and slip in reverse direction, and by slip along the Zildat Fault.The TMD was heated during its slow crustal exhumation at midcrustal depths after an initial rapid ascent from the upper mantle. Petrologic evidence shows that the KTU did not experience the same late-stage heating event: mechanical coupling of the KTU with the TMD along the Karla Fault during initial stages of exhumation of the TMD can explain this lack of heating: the KTU had already been exhumed to the upper crust.
